I N T R O D U C T I O N
Systemic vasculitides associated with anti-neutrophil cytoplasmic antibodies (ANCAs) include granulomatosis with polyangiitis (GPA; Wegener's), microscopic polyangiitis (MPA) and eosinophilic granulomatosis with polyangiitis (EGPA; ChurgStrauss). The circulation of ANCA is the immunological hallmark of all three ANCA-associated vasculitides, although these antibodies can be detected only in a proportion of patients, but more frequently in GPA and MPA. Significant kidney involvement is a rare finding in EGPA, while its incidence reaches 70% in GPA and almost 100% in MPA (therefore only the latter two will be covered in this review) [1] . Moreover, kidney disease in GPA and MPA is frequently associated with a rapid decline in renal function that persists or continues to worsen without timely and adequate immunosuppressive treatment. Current therapy with high-dose corticosteroids in combination with either cyclophosphamide or rituximab and plasmapheresis in selected cases induces and maintains remission in the majority of patients with ANCA-associated vasculitis and is able to restore or at least stabilize kidney function. Nevertheless, renal sclerotic lesions are inevitable in a proportion of patients, especially with MPA, and lead to the development of chronic kidney disease (CKD). Steroid-induced arterial hypertension and/or diabetes frequently contribute to progressive renal disease and the development of end-stage renal disease (ESRD).
Management of patients with ANCA-associated vasculitis can be challenging for physicians, while ESRD poses addition questions: e.g. What is the risk of relapse in patients with renal impairment? Can maintenance immunosuppressive treatment be stopped or should it be continued? What are the outcomes of renal replacement therapy (RRT) in heavily treated patients with different comorbidities? This review summarizes the current evidence clarifying these subjects.
A R I S K O F E S R D I N P A T I E N T S W I T H A N C A -A S S O C I A T E D V A S C U L I T I S
Robson et al. [2] recently described irreversible damage accrued in the short and long term in a large cohort of patients (n ¼ 735) with ANCA-associated vasculitides who had participated in six European Vasculitis Study Group trials. Damage was quantified by the vasculitis damage index (VDI), which includes three items for kidney disease [proteinuria >0.5 g/24 h, glomerular filtration rate (GFR) <50 mL/min/1.73 m 2 and ESRD]. At 6 months, VDI data were available in 531 patients (n ¼ 215 MPA, n ¼ 316 GPA). Approximately 8% had developed ESRD. As expected, its frequency in MPA was higher than that in GPA (10.7 versus 3.5%; P < 0.01). Moreover, three of the six most frequent items of damage were renal: proteinuria, GFR <50 mL/min and hypertension. The authors did not present data on the incidence of ESRD according to ANCA specificity, but patients with myeloperoxidase ANCA (MPO-ANCA) were more likely than those with proteinase 3 ANCA (PR3-ANCA) to have a GFR <50 mL/min (42.5 versus 27.9%), while the risk of decline in GFR in patients with ANCA-negative vasculitis was intermediate (33.3%) . In 302 patients (n ¼ 135 MPA, n ¼ 167 GPA) who were followed for an average of 7.1 years, the incidence of ESRD increased to 14%. As in the short term, MPA
was associated with a higher risk of ESRD compared with GPA (20.0 versus 9.0%; P < 0.01), while patients with MPO-ANCA more frequently presented with a GFR <50 mL/min (60.0 versus 36.6%). In the long term, renal damage items were among the most common scored. Notably, the incidence of impaired lung function was approximately 3-to 6-fold lower compared with that of GFR <50 mL/min both in MPA and GPA. Therefore, in surviving patients, current treatment prevents lung damage more effectively than renal function impairment. The real frequency of damage in this study was probably underestimated. Nevertheless, the incidence of ESRD was high even at 6 months of follow-up and increased $2-fold within the next few years. Moreover, 60% of patients with MPA and 31% of patients with GPA developed CKD stage 3 and, therefore, had a high risk of further progression of renal impairment.
Similar results were recently reported in a population-based study from Sweden in 183 patients with ANCA-associated vasculitis (the majority had GPA or MPA and only 4 had EGPA) [3] . During follow-up of $5 years, 20% of patients developed ESRD. In patients with ANCA-associated nephritis (n ¼ 139), those with MPO-ANCA were more likely to develop ESRD than those with PR3-ANCA (38 versus 15%; P ¼ 0.003). The risk remained elevated after adjusting for sex, age and serum creatinine level at diagnosis [hazard ratio (HR) 2.64 (95% CI 1.25-5.58); P ¼ 0.003].
Lionaki et al. [4] retrospectively studied the course of ANCA-associated vasculitis in a large cohort of 523 ANCApositive patients, the majority of whom had kidney disease and 95 needed dialysis at initial presentation. Two-thirds and one-third of patients were classified as MPA/GPA and renal-limited disease, respectively. Over a median of 34 months, 26% of patients reached ESRD, usually in one of two settings: presentation with advanced renal failure requiring dialysis at or near the time of diagnosis, or progression to ESRD without evidence of active glomerulonephritis or vasculitis over a median of 24 months. The ESRD group comprised a higher proportion of patients with renal-limited disease and a lower proportion of patients with GPA compared with patients who did not develop ESRD. MPO-ANCAs were more frequent in the ESRD group, although the difference did not reach statistical significance.
Thus, renal prognosis is still unfavourable in ANCAassociated vasculitis, as up to 20-25% of patients reach ESRD within the few years after diagnosis. A smaller proportion of patients require dialysis at presentation or within the first 6 months. Notably, in a 5-year retrospective study published in 2003, ESRD occurred in 28% of 246 patients with newly diagnosed ANCA-associated vasculitis [5] . Therefore, as more than a decade ago, ESRD remains a major threat for patients with ANCA-associated vasculitis. It should be noted that one should be cautious when comparing data on survival obtained in different studies. Patients with GPA or MPA in randomized controlled trials and those in observational cohorts show important differences that can affect the results of their follow-up. In a recent study, mortality and relapse rates were higher for patients with GPA in clinical trials versus cohorts, although they were similar for patients with MPA [6] .
P R E D I C T O R S O F E S R D I N A N C A -A S S O C I A T E D V A S C U L I T I S
As it was shown in the aforementioned cohort studies [2, 3] , patients with ANCA-associated vasculitis classified as MPA compared with GPA have a higher prevalence of kidney involvement and, therefore, more frequently develop CKD and reach ESRD. In clinical practice, it may be difficult to differentiate GPA and MPA, as they show overlapping features. ANCA specificity has no decisive diagnostic value, although PR3-ANCAs are usually detected in GPA patients while MPOANCAs are more common in MPA. Mahr et al. [7] recently suggested that a classification based on organ involvement and ANCA specificity may lead to more accurate stratification of patients into homogeneous disease groups. A genome-wide association study also showed that genetic distinctions between GPA and MPA were associated with ANCA specificity and provided support for the concept that PR3-ANCA-associated vasculitis and MPO-ANCA-associated vasculitis are distinct autoimmune syndromes [8] . Circulating MPO-ANCAs are probably associated with a higher risk of ESRD [3] , although in a large study in 502 patients, ANCA specificity did not predict the risk of ESRD and death [9] .
A rapid rise in serum creatinine, especially requiring dialysis, and inadequate treatment are apparent predictors of chronic kidney damage in patients with ANCA-associated vasculitis. In one cohort study, patients with a GFR decrease of !8 mL/min were 5.6 times more likely to progress to ESRD (P < 0.001) than those with stable GFR [10] . In the Lionaki et al. study [4] , patients who reached ESRD had a higher initial serum creatinine level, more frequently received no immunosuppression or corticosteroids alone, were treated with cyclophosphamide for a shorter duration and showed more common treatment resistance. The worst prognosis was found in patients who required dialysis near diagnosis. Eighty per cent of them remained dialysis dependent despite the institution of appropriate immunotherapy with corticosteroids and cyclophosphamide. Notably, immunosuppressive treatment is not futile in patients with very low GFR and can induce remission and restore kidney function in a proportion of them [10] . In any case, immunosuppression may be essential for prevention of other life-threatening manifestations, e.g. lung disease.
Kidney biopsy is an established method that is routinely used to predict prognosis in renal vasculitis. The typical histologic feature in ANCA-associated vasculitis is necrotizing or crescentic glomerulonephritis characterized by a pauci-immune staining pattern on immunofluorescence, i.e. little or no glomerular staining for immunoglobulins or complement. Recently, an international working group of nephrologists and pathologists proposed a new histopathologic classification of ANCAassociated glomerulonephritis that includes four general categories of lesions: focal, crescentic, mixed and sclerotic ( Figure 1 ) [11] . A predictive value of this classification was validated in 100 patients with MPA or GPA with pauci-immune crescentic glomerulonephritis. Thirty-five of them reached ESRD within an average of 1 year. Renal outcome was favourable in patients with focal ANCA-associated glomerulonephritis who presented with relatively preserved renal function. Patients with crescentic glomerulonephritis had highly active renal disease and severely reduced renal function, but the chance for renal function recovery was good. Renal outcome was worse in patients with a mixed phenotype, while the highest risk for developing ESRD was found in patients with sclerotic ANCA-associated glomerulonephritis, who also had a higher risk for death within the first year after diagnosis. The predictability of the new scheme was further validated in several independent studies [12] [13] [14] , although in one of them, reproducibility of the classification among three histopathologists was seen only in patients with sclerotic patterns of glomerular injury [15] . Tanna et al. [16] found no significant difference in outcome between the mixed and crescentic classes and suggested that it may be of value to combine the current histological classification with other established parameters, such as tubular atrophy and the percentage of normal glomeruli.
It can be concluded that a rapid decline in kidney function, especially requiring dialysis and without timely and adequate immunosuppressive therapy, can predict the development of ESRD in patients with ANCA-associated glomerulonephritis both in MPA and GPA. The kidney biopsy pattern is an even more reliable predictor of ESRD in patients with ANCAassociated vasculitides. The worst renal outcome is associated with mixed and sclerotic lesions that are usually accompanied by irreversible kidney function impairment.
P R E V E N T I O N O F E S R D
All patients with proven active ANCA-associated glomerulonephritis require immediate treatment with high-dose corticosteroids and cyclophosphamide (15 mg/kg every 2 weeks for the first three doses and thereafter every 3 weeks or 2 mg/kg orally) or rituximab (375 mg/m 2 once a week for 4 weeks). The cyclophosphamide dose should be reduced by up to 50% in the elderly and in patients with renal impairment. Delay in immunosuppressive therapy or lower intensity of treatment (e.g. only corticosteroids) apparently impairs its efficacy and should be avoided.
In randomized trials, a rituximab-based regimen was not superior to a conventional cyclophosphamide regimen and was not associated with a reduced risk of severe adverse events when used as induction treatment in patients with ANCA-associated renal vasculitis. In the subgroup recruited with relapsing disease, there was a higher response rate after rituximab than cyclophosphamide. By 18 months, relapse was common, although not worse in the rituximab group receiving no maintenance therapy when compared with those receiving azathioprine. In the RITUXVAS study, 44 patients with newly diagnosed ANCAassociated vasculitis and renal involvement were randomly assigned, in a 3:1 ratio, to a standard glucocorticoid regimen plus either rituximab with two intravenous cyclophosphamide pulses or intravenous cyclophosphamide for 3-6 months followed by azathioprine [17] . The rates of sustained remission and severe adverse events, mortality and the median increase in the GFR between 0 and 12 months were comparable in the two groups.
In the larger multicentre, randomized, double-blind, noninferiority RAVE study, rituximab followed by placebo was also as effective as cyclophosphamide followed by azathioprine in 197 patients with severe ANCA-associated vasculitis [18] . According to a post hoc analysis, patients with ANCAassociated vasculitis and renal involvement responded similarly to remission induction treatment with rituximab plus glucocorticoids or cyclophosphamide plus glucocorticoids [19] . Nevertheless, in patients with relapsing disease, rituximab was superior to cyclophosphamide-based treatment at 12 months (P ¼ 0.009). There is a paucity of data on the rituximab-glucocorticoid combination in those presenting with severe renal disease, although in a small retrospective study an addition of cyclophosphamide to rituximab with corticosteroids in patients with severe renal disease did not improve the outcomes compared with cyclophosphamide and corticosteroids [20] . The efficacy of rituximab 6 plasmapheresis induction was shown in 14 patients with severely impaired kidney function (GFR 20 mL/min/1.73 m 2 ) [21] . All 14 patients achieved remission within a median time of 55 days. Notably, five of seven patients who required dialysis at presentation recovered renal function and discontinued dialysis by the 6-month follow-up. The incidence of ESRD during relatively short follow-up was high (29%), but it was not an unexpected finding in such a cohort of patients.
If cyclophosphamide is chosen for initial treatment, then it should be replaced with maintenance azathioprine (2 mg/kg) therapy within 3-6 months. The efficacy of such an approach as an alternative to prolonged cyclophosphamide administration was established in the CYCAZAREM study in 155 randomized patients [22] . Methotrexate is contraindicated in patients with renal impairment. Mycophenolate mofetil may be used for maintenance of remission in patients who do not tolerate azathioprine, although in the IMPROVE study it was less effective than the latter due to higher risk of relapses and shorter time to relapse [23] . The order of scoring for glomerular lesions. Pauciimmune staining pattern on immunofluorescence microscopy and one or more glomerulus with necrotizing or crescentic glomerulonephritis on light microscopy are required for inclusion in all four classes [8] .
The efficacy of rituximab and azathioprine for maintenance of remission was compared in the MAINRITSAN study in 115 patients (87 with GPA, 23 with MPA and 5 with renal-limited ANCA-associated vasculitis) in complete remission after a cyclophosphamide-glucocorticoid regimen. Approximately 70% had signs of kidney involvement. Significantly more patients with ANCA-associated vasculitides had sustained remission at Month 28 with rituximab (500 mg on Days 0 and 14 and at Months 6, 12 and 18) than with daily azathioprine [24] . Major relapse has occurred in 29% of patients in the azathioprine group and in 5% of patients in the rituximab group (HR 6.61; P ¼ 0.002). Notably, 8 of the 17 patients (47%) in the azathioprine group, but none of the 3 in the rituximab group, had renal involvement when their major relapse occurred. Thus, rituximab may be a preferable option for induction of remission in relapsing ANCA-associated vasculitis and for maintenance of remission both in newly diagnosed or relapsing disease. Current data suggest that rituximab may prevent the progression of CKD in renal vasculitis more effectively than conventional treatment due to a lower relapse rate, although this hypothesis should be tested in controlled clinical trials. The RITAZAREM trial (NCT01697267) is currently randomizing patients with relapsing disease after induction therapy. It is a parallel, open-label, randomized trial evaluating the efficacy of rituximab or azathioprine maintenance therapy regimens in 190 patients with relapsing ANCA-associated vasculitis. The primary end point is the time to disease relapse (either minor or major relapse) from randomization.
Conventional treatment can be insufficient for patients with rapidly progressive ANCA-associated glomerulonephritis who have an increased risk for ESRD and death. Jayne et al. [25] , in a randomized study, investigated whether the addition of plasma exchange was more effective than intravenous methylprednisolone in the achievement of renal recovery in 137 patients with a new diagnosis of ANCA-associated systemic vasculitis confirmed by renal biopsy and serum creatinine >500 l mol/L (5.8 mg/dL). In both groups, all patients received oral cyclophosphamide and oral prednisolone. When compared with intravenous methylprednisolone, plasma exchange was associated with a 24% reduction in risk for progression to ESRD at 12 months, while survival and severe adverse events rates were similar in both groups. The patients were followed for a median of 3.95 years. In the long term, patients in the plasma exchange group still had a numerically lower risk for ESRD developing, but statistical significance was lost [26] . The reduction in primary composite end point of death or ESRD was not achieved. Thus, short-term results with plasma exchange were encouraging, but the long-term benefits remain unclear. In a single-centre, retrospective study in patients with moderate renal function impairment, plasma exchange in addition to induction therapy with cyclophosphamide and prednisolone was associated with a significant reduction in the primary end point of death, ESRD and relapses and greater improvement in renal function after 1 year, although the obvious limitation of this trial was historic control [27] .
Plasma exchange is a non-selective, expensive therapy with common adverse events. Currently it is unclear at what severity of renal failure it is beneficial and what are the optimal type and dosing of concomitant medications [28] . These subjects will be evaluated in the ongoing PEXIVAS trial, a 2 Â 2 factorial randomized trial evaluating adjunctive plasma exchange and two oral glucocorticoid regimens in $500 patients with severe ANCA-associated vasculitis [29] . This is the largest trial in ANCA-associated vasculitis undertaken to date in cooperation with funding agencies and industry.
A R I S K O F R E L A P S E I N D I A L Y S I S P A T I E N T S
Patients with ANCA-associated vasculitis should continue maintenance treatment for at least 2 years to prevent relapses and accumulation of vasculitis damage. But the situation may be different in ESRD, as chronic dialysis usually results in a relative quiescence of the autoimmune process, e.g. in systemic lupus erythematosus [30] . In several studies, the relapse rate of ANCA-associated vasculitis on chronic dialysis was lower compared with that among patients with preserved renal function [31, 32] . Lionaki et al. [4] estimated relapse rates of ANCAassociated vasculitis before and after initiation of chronic dialysis. In patients who reached ESRD, relapses occurred at a rate of 0.20 episodes/person-year before dialysis, which was similar to the rate of 0.16 episodes/person-year for the non-ESRD group. After initiation of dialysis, the relapse rate decreased to 0.08/ person-year (P ¼ 0.0012). Notably, a substantial decrease in the relapse rate was found only for patients with PR3-ANCA (from 0.34 to 0.11 episodes/person-year; P ¼ 0.0015), while for patients with MPO-ANCA, the rate of relapse was low and did not change pre-and post-ESRD (0.06 and 0.04 episodes/ person-year, respectively; P ¼ 0.47). The total number of vasculitis flares in the ESRD group was too small to assess the effect of maintenance immunosuppression on the relapse rate. Therefore, it was not clear whether a reduced rate of relapse was attributable to continued immunosuppression or reflected the natural progression of this disease. The rate of infections among immunosuppressed ESRD patients was almost 2-fold higher than among those not receiving immunosuppressive therapy. The authors concluded that the risks of maintenance immunosuppression may outweigh its potential benefit among patients with ESRD and contended that immunosuppressive therapy should be restricted to patients with clinical evidence of active extrarenal manifestations of vasculitis. The current Kidney Disease: Improving Global Outcomes guidelines also recommend discontinuing cyclophosphamide therapy after 3 months in patients who remain dialysis dependent and who do not have any extrarenal manifestations of disease [33] .
Thus, in a proportion of patients with ANCA-associated glomerulonephritis on chronic dialysis, particularly with MPO-ANCA, maintenance therapy may be stopped earlier than in patients not receiving RRT, because of a lower risk of relapse. But a lower risk does not mean no risk. Therefore, a decision to discontinue maintenance therapy should be made individually by a specialist taking into account the duration of remission, previous history of vasculitis flares, presence of extrarenal manifestations and their activity, risk of infections and other complications of continued immunosuppression, etc. Prolonged maintenance treatment is apparently useless in dialysis-dependent patients who do not present with any extrarenal manifestations ANCA-associated vasculitis.
O U T C O M E S O F R E N A L R E P L A C E M E N T T H E R A P Y
Hruskova et al. [34] recently compared the outcomes of RRT in ANCA-associated vasculitis, diabetic nephropathy, glomerulonephritis and other non-diabetic nephropathies using 12 renal European registries (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) . A total of 2511 patients with ANCA-associated vasculitis (1755 GPA and 756 MPA) were identified, representing an incidence of 1.05 per million population for GPA and 0.45 per million population for MPA. Patients with vasculitis were more likely ($4-fold) to receive haemodialysis than peritoneal dialysis, probably due to concern for the risk of infection in immunosuppressed patients. The percentage of patients who recovered independent kidney function within 90 days in patients with ANCA-associated vasculitis was higher than that in the matched control groups (5.1 versus 1.1-1.7%, respectively; all P < 0.05). This finding emphasizes that immunosuppressive treatment should not be withdrawn in patients requiring dialysis at presentation of ANCA-associated vasculitis. The 10-year probability for survival on RRT after Day 91 was 32.5% in patients with ANCA-associated vasculitis. Kidney transplantation was performed in 22.2% of patients with vasculitis. The 10-year patient and transplant survival after the first kidney transplantation was 74.8 and 63.7%, respectively. The adjusted risk of death after kidney transplantation in patients with ANCA-associated vasculitis did not differ from the matched control group of primary glomerulonephritis, but was lower than that in the matched control groups of diabetes mellitus and non-diabetic nephropathy, while transplant survival in patients with vasculitis was more favourable compared with all control groups including glomerulonephritis. Worse survival of patients with ANCA-associated vasculitis on RRT may be due to the burden of previous immunosuppressive therapy or the extent of vasculitis-related comorbid conditions. At the same time, prior immunosuppression might contribute to improved transplant survival in patients with vasculitis. These findings support the use of transplantation in patients with ANCA-associated glomerulonephritis.
In the French REIN registry, 425 patients with ANCA who started chronic dialysis between 2002 and 2011 were compared with 794 matched dialysis patients without vasculitis [35] . The median survival on dialysis was 5.35 years and survival rates at 3 and 5 years were 68 and 53%, respectively. Notably, survival did not differ significantly between vasculitis and non-vasculitis patients, although infectious mortality was significantly higher in patients with ANCA-associated vasculitis (20 versus 8%; P < 0.001), while the burden of cardiovascular mortality was similar.
The outcomes of RRT may be different in GPA and MPA patients. In Australia and New Zealand, 36 884 ESRD patients commenced RRT between 1996 and 2010; 228 of them had MPA and 221 had GPA [36] . Compared with other causes of ESRD, patients with ANCA-associated vasculitis experienced comparable survival on dialysis. Ninety-three of them received 98 renal allografts. Respective 10-year first graft survival rates in MPA, GPA and non-vasculitis patients were 50, 62 and 70%, whereas patient survival rates were 68, 85 and 83%, respectively. Compared with ESRD patients without vasculitis, those with GPA have similar RRT outcomes, whereas MPA patients have comparable dialysis survival but poorer renal transplant allograft and patient survival rates.
Little et al. [37] undertook a survey of transplant centres across Europe to assess whether there was consensus about how to manage transplantation in patients with vasculitis and identified 107 renal allograft recipients with systemic vasculitis. All respondents felt that vasculitis should be in remission at transplantation, 16% believed that ANCA should be negative pretransplant and 40% felt that one should wait >12 months after remission before transplanting. Overall graft survival in 107 patients was 70% after 10 years. Severe vasculopathy occurred more frequently in ANCA-positive recipients (odds ratio 4.4) and significantly reduced 10-year graft survival to 47% (P < 0.05). The strongest predictor of death was transplantation <1 year post-vasculitis remission on both univariate and multivariate analyses (HR 2.3).
C O N C L U S I O N
The prevalence of ANCA-associated vasculitis in the population seems to increase due to better awareness of disease, longer survival and probably higher incidence. New regimens of induction remission and maintenance treatment have improved the outcomes in ANCA-associated vasculitis with renal involvement, although a significant proportion of them still ultimately reach ESRD. Available evidence supports the use of kidney transplantation as a preferable method of RRT in patients with ANCAassociated glomerulonephritis, as prior immunosuppression might contribute to better transplant survival, while antirejection therapy following successful transplantation will eliminate a risk of vasculitis relapse. Patients may be listed for transplant after at least 6 months of vasculitis remission, but low disease activity is also acceptable even in the presence of persistent ANCA. The main problem associated with transplantation is an increased risk of opportunistic infection post-transplant, reflecting previous treatment. Therefore, lymphocyte-depleting antibodies, such as anti-thymocyte globulin, should be avoided. But there is little evidence to support this in the literature. Relapsing vasculitis in haemodialysis patients presents a challenge because treatment is poorly tolerated, e.g. the rate of infections among immunosuppressed ESRD patients was almost 2-fold higher than among those not receiving immunosuppressive therapy. There are benefits of rituximab in this setting, because it is more steroid sparing in extrarenal disease. It should be noted that the risk of relapse in haemodialysis patients is lower, particularly with MPO-ANCA. Therefore, in a
